Introduction {#H1-1-ZOI190210}
============

Underrepresentation of women remains prevalent in science and medicine, tainting research practices, career advancement, leadership opportunities, financial compensation, and scientific recognition.^[@zoi190210r1],[@zoi190210r2],[@zoi190210r3],[@zoi190210r4],[@zoi190210r5],[@zoi190210r6],[@zoi190210r7],[@zoi190210r8],[@zoi190210r9],[@zoi190210r10]^ Given the importance of publications in personal and professional development, it is concerning that female authors are underrepresented in biological and medical research publication bylines.^[@zoi190210r6],[@zoi190210r8],[@zoi190210r11],[@zoi190210r12],[@zoi190210r13],[@zoi190210r14]^ However, prior evidence supporting this finding has been based on the piecemeal examination of a few, often high-impact, journals of primary research without accounting for academic affiliation, geography, research content, and specialty-specific publishing patterns. Given the focus of past studies on primary research articles, it remains unclear whether sex disparities stem from the conduct of research or authorship practices. Attributing female underrepresentation in primary research articles to authorship practices is difficult because disparities exist in multiple facets of research career development, including greater school debt, higher burnout rates, underrepresentation of women in higher-prestige graduate programs and laboratories, less funding for female investigators from their own institutions and the National Institutes of Health, and faculty promotion.^[@zoi190210r15],[@zoi190210r16],[@zoi190210r17],[@zoi190210r18],[@zoi190210r19],[@zoi190210r20],[@zoi190210r21],[@zoi190210r22],[@zoi190210r23],[@zoi190210r24]^ In addition, while female authors are reportedly scarce in many clinical specialties, it is unclear how author demographic characteristics differ across specialties and whether authorship is associated with the sex composition of specialties.^[@zoi190210r25],[@zoi190210r26],[@zoi190210r27],[@zoi190210r28],[@zoi190210r29]^ Whether past findings of female underrepresentation are truly pertinent or generalizable to broad authorship practices remains to be clarified.

Case reports are ubiquitous instruments in disseminating knowledge with low barriers to authorship and publication. Given their uniform publication criteria and reporting format, readily achievable authorship contributions, and limited scope, case reports represent a homogeneous subset of the medical literature. Specifically, writing of case reports does not entail extensive training, specialized expertise, reagents, equipment, facilities, and other resources that are generally necessary for performing primary research and are sources of sex bias. We propose that elements unique to case reports make them an ideal venue for discerning sex-specific authorship practices because of a more level opportunity for authorship and the feasibility of adjusting for case report content. Notably, case reports represent a distinct form of clinical information and serve as an educational resource and a source of hypothesis-generating observations. However, case reports remain an uncharted portion of the biomedical corpus, as their production and authorship have not been examined to date. It is unknown whether sex bias exists in such instances of nonresearch medical publications in contrast to reviews, editorials, perspectives, and comments, which are often unsolicited or editorially commissioned and may not undergo peer review, resulting in significant bias.^[@zoi190210r30]^ In this article, we characterize the production of case reports and the sex composition of their authors.

Methods {#H1-2-ZOI190210}
=======

All publications indexed in PubMed between 2014 and 2015 classified as a case report under "Article Types" and with at least 1 US author were manually inspected between July 2015 and July 2018. Case reports were extracted by searching for "USA" and state names and abbreviations in author affiliations. Entries that did not provide either the age or sex of the patient being described were excluded, which accounted for approximately 0.5% of all cases reviewed. Studies of more than 3 patients were omitted, as they could be classified as cohort studies and, at some institutions, require institutional review board approval. Our final data set was composed of 20 427 case reports published across 2538 journals. For each case report, journal title, author numbers, patient sex, patient age, patient race, patient ethnicity, and intended purpose were curated after 2 of us analyzed the full texts and a third adjudicated any discrepancies. State of origin was determined from the address of first author affiliations. An academic status was determined by whether the first author affiliation was a teaching hospital or medical school. First and last author sex and author specialty were determined through internet searches and gleaned through news releases, institutional websites, or publicly accessible personal or social network profiles. For 0.4% of cases we used the web application genderapi.io to discern author sex. Author specialty was also determined through bylines if it could not be determined through our initial internet search strategy. The study was exempt from institutional review board review under federal regulation 45 CFR §46.104 because the data were collected from existing records that are publicly available. This study conforms to the Strengthening the Reporting of Observational Studies in Epidemiology ([STROBE](http://www.equator-network.org/reporting-guidelines/strobe/)) reporting guideline for cross-sectional studies.

Author specialty categories were based on specialties and subspecialties defined by the American Board of Medical Specialties as well as nonphysician professional degrees. Specialty categories included allergy and immunology, complementary and alternative medicine (including naturopathy and homeopathy), anesthesia, audiology, cardiology, chiropractic, dentistry, dermatology, endocrinology, family medicine, general surgery, medical genetics, gastroenterology, hematology, infectious disease, neonatology, nephrology, neurology, neurosurgery, nursing, nutrition, obstetrics and gynecology, oncology, ophthalmology, optometry, orthopedic surgery, otolaryngology, palliative medicine, pathology, pharmacy, physician assist, plastic surgery, physical medicine and rehabilitation, podiatry, psychiatry, psychology, physical and occupational therapy, pulmonology, radiology, radiation oncology, rheumatology, social work, speech therapy, sports medicine, urology, and vascular surgery.

We obtained US and state population data through the US Census Bureau website and physician numbers and demographics through the Association of American Medical Colleges Workforce Data portal. Demographic characteristics of nonphysician specialties were obtained from the US Department of Health and Human Services Bureau of Health Workforce and National Center for Health Workforce Analysis.

Statistical Analysis {#H2-1-ZOI190210}
--------------------

The Pearson correlation coefficient and coefficient of determination were calculated to assess the linear correlation and explained variance, respectively, between case report publications and state population, physician numbers, or trainee numbers. Based on the close association between trainee numbers and the production of case reports and the convention of first authors often being junior, we correlated the proportion of female first authors with female trainees across all states to assess the role of geography.^[@zoi190210r31]^ As last authors are typically senior, the proportion of female last authors per state was correlated with active female physician numbers to assess authorship patterns across states. Statistical testing of differences between proportions was performed using the N − 1 χ^2^ test.^[@zoi190210r32]^ β values used to determine odds ratios (ORs) of bibliometric variables and 95% confidence intervals were analyzed by multivariable logistic regression using SPSS statistical software version 23 (IBM). In the multivariable analysis, first author sex was used as the independent variable and state location, academic status, author number, last author sex, reporting purpose, patient age, patient sex, patient race, sex of last author, and author specialty were predictor variables. A 2-sided *P* value of less than .05 was considered statistically significant.

Results {#H1-3-ZOI190210}
=======

We analyzed 20 427 case reports published across 2538 journals in 2014 and 2015. The geographic distribution of case reports revealed that anecdotal knowledge production is enriched in select states of variable population size ([Figure 1](#zoi190210f1){ref-type="fig"}A). We hypothesized that the high concentration of medical schools and postgraduate clinical training programs in particular states could contribute to this phenomenon. Indeed, at the state level, there was a significant correlation between medical trainees and case reports, with 92% of differences in case report numbers explained by number of trainees (*r* = 0.96; *P* \< .001) ([Figure 1](#zoi190210f1){ref-type="fig"}B). State population and physician numbers only explained 64% and 77% of the variance in case reports, and only trainee numbers were independently associated with case reports (physician numbers were excluded due to multicollinearity) based on a multivariable linear regression model (β = 0.15; *P* \< .001). Consistent with this, 82% of case reports were produced at academic institutions.

![Geographic Distribution of Case Reports\
A, Heat map portrayal of case report production with dark blue denoting states that produced the most case reports and light blue denoting states that produced the fewest. The number of case reports produced by each state is shown. States that produced fewer than 5 case reports over 2 years were excluded and denoted in gray. B, Correlation between number of residents and case reports per state (*r* = 0.96; *P* \< .001).](jamanetwopen-2-e195000-g001){#zoi190210f1}

In all, 36% and 25% of case reports had a female first and last author, respectively. In comparison, 44% and 34% of US trainees and physicians, respectively, were female according to the 2016 American Medical Association Physician Report. Female first authors in adult case reports were more prevalent in academic environments compared with community settings (34.0% vs 28.2%; difference, 5.8%; 95% CI, 3.8%-7.7%; *P* \< .001) ([Figure 2](#zoi190210f2){ref-type="fig"}A). The difference in incidence between academic and community female first authors in pediatric case reports was not significant (45.2% vs 44.2%; difference, 1.1%; 95% CI, −3.3% to 5.3%; *P* = .63). There was also an increased frequency of female last authors in academic adult (23.4% vs 19.7%; difference, 3.7%; 95% CI, 1.7%-5.4%; *P* \< .001) and pediatric (33.1% vs 30.2%; difference, 2.9%; 95% CI, −1.5% to 6.9%; *P* = .19) case reports. The proportions of female first and last authors were universally less than the proportions of female trainees and active female physicians, respectively, across states ([Figure 2](#zoi190210f2){ref-type="fig"}B).

![Female Authorship in Case Reports\
A, Female first and last authors were more prevalent in pediatric cases and in academic settings. B, Correlation plots between the proportion of female trainees or physicians and female first or last authors by state.](jamanetwopen-2-e195000-g002){#zoi190210f2}

Larger author teams (OR, 1.02; 95% CI, 1.00-1.03), an academic affiliation (OR, 1.16; 95% CI, 1.06-1.27), and a female last author (OR, 1.58; 95% CI, 1.47-1.70) were significantly associated with female first authorship ([Table 1](#zoi190210t1){ref-type="table"}). Compared with the reporting of novel therapies, female first authors were more likely to report technological achievements (OR, 2.15; 95% CI, 1.49-3.11), novel presentations (OR, 1.24; 95% CI, 1.13-1.36), and genetic studies (OR, 1.26; 95% CI, 1.01-1.56). Among patient demographic characteristics, female patients (OR, 1.13; 95% CI, 1.06-1.20) and younger patients (OR, 0.99; 95% CI, 0.99-0.99) were associated with female first authors. Relative to general internal medicine, otorhinolaryngology (OR, 0.77; 95% CI, 0.62-0.95), general surgery (OR, 0.75; 95% CI, 0.60-0.93), gastroenterology (OR, 0.69; 95% CI, 0.56-0.84), and other specialties dominated by male clinicians were less frequently associated with female first authors ([Table 2](#zoi190210t2){ref-type="table"}). Notable exceptions included oncology (OR, 0.97; 95% CI, 0.81-1.16), ophthalmology (OR, 0.87; 95% CI, 0.72-1.05), optometry (OR, 1.10; 95% CI, 0.60-2.02), and radiation oncology (OR, 0.94 95% CI, 0.56-1.56), which were not associated with any author sex.

###### Multivariable Analysis of Bibliometric Factors Associated With Female First Authors in Case Reports

  Author and Patient Characteristics   Female First Author, No. (%)   Adjusted Odds Ratio of Female First Author (95% CI)[^a^](#zoi190210t1n1){ref-type="table-fn"}
  ------------------------------------ ------------------------------ -----------------------------------------------------------------------------------------------
  Author affiliation                                                  
  Community                            939 (30.7)                     1 \[Reference\]
  Academic                             6313 (36.3)                    1.16 (1.06-1.27)
  No. of authors                                                      1.02 (1.01-1.03)
  Sex of last author                                                  
  Male                                 4555 (31.5)                    1 \[Reference\]
  Female                               2406 (49.9)                    1.58 (1.47-1.70)
  Reporting purpose                                                   
  Novel therapy                        878 (28.3)                     1 \[Reference\]
  Technology                           57 (41.0)                      2.15 (1.49-3.11)
  Iatrogenic event                     435 (26.5)                     1.01 (0.88-1.17)
  Presentation                         5122 (37.7)                    1.24 (1.13-1.36)
  Genetic                              272 (47.7)                     1.26 (1.01-1.56)
  Adverse drug effect                  480 (37.0)                     0.98 (0.85-1.14)
  Patient age                                                         0.99 (0.99-0.99)
  Patient sex                                                         
  Male                                 3522 (33.5)                    1 \[Reference\]
  Female                               3673 (38.2)                    1.13 (1.06-1.20)
  Patient race/ethnicity                                              
  White                                1005 (40.2)                    1 \[Reference\]
  Unknown                              5746 (34.6)                    1.02 (0.93-1.12)
  Asian                                49 (36.0)                      0.83 (0.57-1.21)
  Black                                438 (40.9)                     1.12 (0.96-1.30)
  Hispanic                             207 (42.8)                     1.13 (0.92-1.39)
  American Indian/Alaska Native        11 (45.8)                      0.84 (0.37-1.93)

Multivariable analysis of female first authorship adjusting for state location, academic status, author number, last author sex, reporting purpose, patient age, patient sex, patient race, sex of last author, and author specialty.

###### Multivariable Analysis of Female First Authors in Case Reports by Medical Specialty

  Medical Specialty                      Female First Author, No. (%)   Adjusted Odds Ratio of Female First Author (95% CI)[^a^](#zoi190210t2n1){ref-type="table-fn"}
  -------------------------------------- ------------------------------ -----------------------------------------------------------------------------------------------
  General medicine                       372 (40.5)                     1 \[Reference\]
  Allergy and immunology                 95 (64.2)                      2.64 (1.83-3.80)
  Alternative medicine                   14 (30.4)                      0.80 (0.41-1.53)
  Anesthesia                             145 (27.0)                     0.59 (0.46-0.75)
  Audiology                              2 (50.0)                       1.41 (0.19-10.30)
  Cardiology                             289 (17.9)                     0.35 (0.29-0.42)
  Cardiothoracic surgery                 86 (18.3)                      0.38 (0.29-0.50)
  Dermatology                            661 (57.7)                     1.86 (1.55-2.22)
  Dentistry                              94 (24.7)                      0.51 (0.39-0.66)
  Endocrinology                          133 (56.1)                     1.80 (1.35-2.42)
  Emergency medicine                     307 (32.5)                     0.72 (0.59-0.87)
  Otorhinolaryngology                    211 (33.1)                     0.77 (0.62-0.95)
  Family medicine                        63 (38.2)                      0.96 (0.68-1.36)
  Gastroenterology                       258 (30.4)                     0.69 (0.56-0.84)
  Genetics                               198 (53.2)                     1.37 (1.05-1.79)
  Surgery                                198 (32.7)                     0.75 (0.60-0.93)
  Infectious disease                     225 (45.3)                     1.17 (0.93-1.46)
  Nephrology                             108 (29.4)                     0.63 (0.49-0.83)
  Neurology                              444 (34.2)                     0.75 (0.63-0.89)
  Neonatology                            28 (41.2)                      0.99 (0.59-1.64)
  Neurosurgery                           86 (11.0)                      0.20 (0.16-0.27)
  Nursing                                197 (82.8)                     8.44 (5.81-12.25)
  Nutrition                              2 (50.0)                       1.91 (0.26-14.03)
  Obstetrics and gynecology              267 (66.3)                     2.62 (2.04-3.37)
  Oncology                               445 (40.6)                     0.97 (0.81-1.16)
  Ophthalmology                          372 (37.9)                     0.87 (0.72-1.05)
  Optometry                              20 (40.8)                      1.10 (0.60-2.02)
  Orthopedic surgery                     50 (9.2)                       0.17 (0.12-0.23)
  Pathology                              613 (50.4)                     1.37 (1.15-1.64)
  Palliative medicine                    21 (44.7)                      1.15 (0.63-2.09)
  Pediatric                              106 (45.1)                     1.41 (1.26-1.58)
  Pharmacy                               122 (56.0)                     1.96 (1.44-2.67)
  Plastic surgery                        56 (23.8)                      0.53 (0.38-0.74)
  Physical medicine and rehabilitation   41 (30.6)                      0.65 (0.44-0.97)
  Podiatry                               19 (23.8)                      0.48 (0.28-0.82)
  Psychiatry                             153 (45.7)                     1.32 (1.02-1.70)
  Physical and occupational therapy      68 (51.1)                      1.66 (1.14-2.41)
  Pulmonology                            150 (30.2)                     0.66 (0.53-0.84)
  Psychology                             59 (49.2)                      1.38 (0.94-2.04)
  Physician assistant                    34 (55.7)                      2.46 (1.43-4.22)
  Radiology                              273 (27.3)                     0.55 (0.45-0.67)
  Rheumatology                           110 (49.5)                     1.37 (1.01-1.84)
  Radiation oncology                     27 (40.3)                      0.94 (0.56-1.56)
  Sports medicine                        10 (23.3)                      0.44 (0.21-0.91)
  Speech                                 20 (95.2)                      30.29 (4.01-228.61)
  Urology                                61 (25.4)                      0.54 (0.39-0.75)
  Vascular surgery                       34 (15.2)                      0.29 (0.20-0.43)

Multivariable analysis of female first authorship from [Table 1](#zoi190210t1){ref-type="table"} depicting associations with different medical specialties.

Discussion {#H1-4-ZOI190210}
==========

Case reporting is a long-standing clinical tradition abundant in the medical literature, but to date it remains a poorly characterized aspect of knowledge production. In this study, we assessed the production of case reports and demonstrated the underrepresentation of female authorship and its associated factors. This finding was omnipresent across the United States, with the proportion of female first authors being less than the proportion of either female trainees or active physicians in any state. While female authors are known to be less prevalent in primary research articles, it was unknown whether this was completely or partly explained by sex disparities in funding, research team inclusion, subject discipline, research environment, publication practices, or reviewer bias.^[@zoi190210r33],[@zoi190210r34],[@zoi190210r35]^ Given the relatively small sample sizes and small numbers of journals examined in past studies, it has also been unclear whether female author underrepresentation was generalizable to a wider landscape of medical journals, particularly in less-read or -cited publishing venues.^[@zoi190210r8],[@zoi190210r11],[@zoi190210r12],[@zoi190210r13],[@zoi190210r36]^

Case reports are inherently self-evident and require minimal material or infrastructure input. Thus, our systematic approach of studying all case reports published over 2 years in the United States provides an outlook on publishing practices that should be less susceptible to known causes of sex disparities in research and medicine. Case reports represent a widely accessible opportunity for any clinician, including trainees, to contribute to medical knowledge and gain experience in hypothesis generation, project design, scientific writing, and publishing. There may also be tangible benefits to publishing case reports in career advancement, albeit less so than primary research publications.^[@zoi190210r37]^ Thus, our findings that women are underrepresented among first and last authors in such nonresearch publications of clinical information underscores the pervasiveness of sex disparities in medicine and their potential impact.

It is well established that women in academics persistently face barriers owing to disparities in recruitment, authorship, promotion, and pay despite their greater participation in service activities and empirical evidence for improved team performance with greater sex diversity.^[@zoi190210r34],[@zoi190210r38],[@zoi190210r39],[@zoi190210r40],[@zoi190210r41],[@zoi190210r42],[@zoi190210r43]^ Our finding that female first authorship in case reports is associated with academic environments and female last authorship is intriguing, as it may reflect mentorship quality or bias against mentees in different settings. Many complex issues surround the appropriate remedy for sex disparities in science, but increasing diversity among senior teaching or supervisory positions within academic institutions may lead to greater representation of women among first authors and the impartial growth of medical knowledge. This is supported by empirical evidence that women intimately linked to a predominantly female clique are more likely to acquire leadership positions in various organizations.^[@zoi190210r44]^

Female first authors were also associated with team size, which may be due to a higher propensity for forming collaborations.^[@zoi190210r45],[@zoi190210r46]^ This finding could also indicate that women working in a team are more likely to publish. Larger scientific teams are associated with higher-impact works, and establishing a system of embedding female trainees or junior faculty within larger research networks may engender increased productivity and impact.^[@zoi190210r47],[@zoi190210r48]^

The association of individual specialties with female first authors often corresponded with sex composition, but it is encouraging that select male-dominated disciplines exhibited no evidence of bias against female authorship. In particular, oncology, ophthalmology, and radiation oncology specialties have a greater proportion of male trainees and active physicians compared with internal medicine, despite exhibiting a relatively equivalent tendency for male and female first authorship. Consistent with this, these specialties have a larger proportion of female authors compared with the proportion of women in the workforce. Unlike the remainder of other specialties, cardiothoracic surgery, emergency medicine, orthopedic surgery, and palliative medicine were associated with a lower OR of female first authors but had a higher proportion of female first and last authors relative to the workforce. This finding suggests that the association of these specialties with male authorship is well explained by the low prevalence of female clinicians rather than bias against female authorship or author byline placement. An in-depth analysis of these specialties may identify cultures or strategies that can be refined for the majority of other specialties where disparities are apparent.

Because the presence of a female first author was associated with reporting on female patients even after controlling for clinician specialty, it is plausible that patient demographic characteristics in case reports are also skewed. There may be practical implications of this, as case reports typically describe novel associations, rare adverse events, and exceptional treatment responses, which may guide the management of conditions. Because case report findings are not widely generalizable, adequate portrayal of patient information and sufficient representation of demographic characteristics are necessary to make accurate inferences, particularly as emerging therapies are associated with sex-specific efficacy or toxicity.^[@zoi190210r49],[@zoi190210r50]^ Although patient demographic characteristics of case reports have not been clearly elucidated, our findings highlight the potential bias in a source of clinical knowledge commonly assumed to be objective.

Limitations {#H2-2-ZOI190210}
-----------

This study has limitations. We relied on PubMed for the extraction of case reports, and not all case reports published by US authors may have been identified if they were published in journals that were not indexed. However, PubMed searches within MEDLINE and related databases, which are among the largest repositories of clinical and biomedical literature information and journals that must meet quality standards prior to inclusion. Author demographic data were determined from various sources, and we cannot account for error as a result of inaccurate public information. In addition, our cross-sectional analysis only spanned a 2-year interval, which precluded any analyses of temporal trends. Our study does not clarify whether sex disparities have worsened or improved over time, and it would be of interest for future studies to investigate whether publication practices are indeed malleable.

Conclusions {#H1-5-ZOI190210}
===========

This study suggests that authorship disparities by sex are pervasive even in nonresearch medical publications independent of information content, geography, and specialty. The associations of female last authors and team size with female first authors highlight potential methods to promote diversity and impartiality in professional development and the production of clinical knowledge in medicine. Further exploration into the mentoring practices in specialties with less sex disparity in authorship may also identify skills and strategies for reducing bias and its impact among clinicians.
